Elegant new experiments show that on clear nights and in the absence of other celestial cues, dung beetles can orient their routes to the band of stars known as the Milky Way.
strength of selection to reduce mutation rate as it evolves to lower levels is ultimately countered by genetic drift in a manner that depends systematically on N e (Figure 1 ). Microbial eukaryotes such as P. tetraurelia and C. rheinhardtii are expected to have larger effective population sizes than multicellular eukaryotes; thus, selection should have been more effective reducing their genomic mutation rates.
To test the drift-barrier hypothesis more generally, Sung et al. [8] regress available estimates of per-base mutation rate u against estimates of N e based on silent-site nucleotide heterozygosity in prokaryotes and eukaryotes, finding a strong negative relationship as predicted. Curiously, however, the regression for prokaryotes is significantly elevated above that for eukaryotes, suggesting that selection to reduce mutation rate is somehow less effective in prokaryotes than eukaryotes across N e values. Sung et al. suggest that this difference may be explained by the fact that prokaryote genomes generally contain fewer protein-coding genes than eukaryote genomes, which would weaken selection to reduce mutation rates in prokaryotes. Indeed, they show that the effective genome-wide mutation rate at sites subject to selection (estimated as the product of u and the size of the protein-coding genome) scales inversely with N e in a manner that eliminates the difference between prokaryotes and eukaryotes observed in the regression of u alone versus N e . Thus, the general trend underlying Drake's rule for microbes can potentially be seen as part of this larger overall pattern uniting genome size and coding content, u, and N e .
The drift-barrier hypothesis is the first truly novel explanatory framework for the evolution and diversity of genomic mutation rates to emerge in many years. It is highly intriguing to suppose that the phylogenetic distribution of an organismal feature as fundamental as the mutation rate could be governed by genetic drift. As Sung et al. [8] acknowledge, estimation of N e is ''fraught with difficulties'', and the same can be said for the mutation rate, which may well differ between laboratory and natural environments. Nonetheless, more and more data on mutation rates, genome size and content, and levels of nucleotide variability are emerging, and it will be interesting indeed to see how the striking negative relationship between u and N e documented by Sung et al. [8] holds up.
Most dung beetles are nocturnal sanitary engineers, dutifully subdividing and sculpting clumps of excrement into energy-rich balls. They roll these delicacies to the nearest patch of soft earth and excavate a hole. They lay an egg in the recycled waste and bury the whole ball in a classic example of mass provisioning. Crucial to this behavior is the ability to roll the ball in a straight line; without a compass of some sort beetles, like humans, retrace their steps in endless circles. Since time is of the essence -balls that dry out while the beetle hunts for the right spot are useless, and the beetles abandon them -they need some sort of guidance system to maximize the efficiency of their search.
Previous work has shown that these insects can use the moon as a compass [1] as well as the polarization pattern in the sky created by the moon [2] (and, presumably, the twilight sun for an hour or so after it sets and before it rises). But how do they manage late at night during the extended parts of the month and hours of darkness when the moon is below the horizon? In this issue of Current Biology, Dacke et al. [3] demonstrate that pattern of stars in the sky overhead provides this critical compass cue.
Orientation to the stars is a familiar story for migrating birds [4] : the fledglings imprint on the constellations, using magnetic north and the pole point -the spot near Polaris around which the stars appear to rotate -as calibration. During the first migrational journey south and as the seasons change, the birds must add new stars to their mental inventory. But for insects, resolving individual stars would seem impossible. Even for honey bees, with their high-resolution compound eyes, the sun itself is just a bright 'pixel' in the sky, low in UV and polarization; at 0.4 in diameter, the field of view of a bee ommatidium (1.5 ) can accommodate 16 suns [4] . Moreover, stars are exceedingly dim compared to the sun (at least a 4 x 10 10 -fold difference). There are two ways of boosting the low-light sensitivity of compound eyes [5] . One is to increase the field of view by combining ommatidia, a solution that generally results in losing spatial resolution. This common arrangement occurs in what is known as a superposition eye (as opposed to the apposition eye of most diurnal insects). The other method of heightening light perception is to increase the integration time, thus reducing the flicker-fusion rate -the ability to resolve moving objects without blurring. Combining these two stratagems can increase light sensitivity about 1000-fold.
Dacke et al. [3] first tested for moonless night-sky orientation in the field, using the time a beetle needed to reach the edge of an arena from the center as their measure of rolling-route straightness. The starry sky was nearly as good as a view of the moon; under overcast sky the beetles were much slower to reach the periphery. The researchers dissected the sky cues by presenting the beetles with a variety of planetarium projections. They found that the Milky Way alone is about as effective as the full sky. Beetles shown only the 18 brightest stars were significantly less well oriented, but still better than those with no celestial cues at all.
What, in fact, can the beetles see overhead? Figure 1 gives a rough idea based on plausible parameters inferred from the literature (there are no direct measurements, though the Dacke et al. [3] paper will probably now encourage others to tackle the question quantitatively). The Milky Way galaxy in which we reside contains about 300 billion stars along with considerable quantities of dust and glowing gases. Essentially all of the roughly 7000 stars visible to the naked eye are in our galaxy, though a few of the 150 billion or so other galaxies in the universe can be seen directly as well. When the night sky is reduced to the visual resolution of a typical superposition eye, the Milky Way becomes a dim band of variable brightness and width stretching across the sky, most intense in the direction of the galactic center. A beetle need merely keep this band in a constant orientation to maintain a straight track.
Whether beetles can see individual stars is an open and intriguing question. A careful look at Figure 1 suggests that even detecting an exceedingly bright star (Vega) against a relatively dark background would be a challenge. Spotting Mars or Jupiter when they are closest (and about 650 times brighter than Vega) looks more plausible; Venus should be easier still. Happily for the beetles, a low-resolution view of the Milky Way works pretty well, and on cloudy nights they have a less accurate but still useful magnetic compass to fall back on. Their mission to keep our planet tidy continues unimpeded. N; subsequently reduced to a resolution of 6 and cropped at 5 above the horizon).
